A phytosociological survey of a woodland located in the central part of Umbria (Central Italy) was carried out using the Braun-Blanquet method: 80 relevés were classified through cluster analysis. Nine forest syntaxa were reported and three subassociations (Erico arboreae-Quercetum cerridis lathyretosum veneti, Aceri obtusati-Quercetum cerridis arbutetosum unedonis and Cyclamino hederifolii-Quercetum ilicis quercetosum cerridis) were typified. Topographic data (altitude, aspect, slope, morphology) and pedological data (soil pH, texture and depth) were collected and a synecological analysis of syntaxa was performed. In order to understand the relation between environmental factors and plant communities, a Canonical Correspondence Analysis was run. The results showed soil parameters (pH, texture and depth) and altitude as the main ecological factors explaining the distribution of plant communities in the study area. The combination of topographic factors (aspect, morphology and slope angle) influences, by contrast revealed the distribution of forest syntaxa within homogeneous geo-pedological and bioclimatic conditions. Key words: forest vegetation, phytosociology, synecology, geomorphology, pedology.
INTRODUCTION
The forest landscape of Central Italy is almost well known from a phytosociological point of view. During the last decades, in fact, a great number of papers have been published about this issue, making it possible to define the syntaxonomical framework, especially for the high-rank syntaxa (Biondi et al. 2001 , 2002a , 2003 , Allegrezza et al. 2002 , Blasi et al. 2004 ). Also at the association level, all the most important forest types are nowadays inserted into an organic synsystematical framework. Although the relation between the distribution of phytosociological types and ecological parameters (e.g. geomorphology, soil and bioclimate), using quantitative environ-mental field data, has been rarely investigated, this kind of knowledge is, however, the basis for advancing in the comprehension of the ecological processes involved at plant community and landscape scales and for achieving the definitive phytosociological characterization of the plant communities (Zuccarello et al. 1999) . Moreover, an accurate synecological analysis might allow for a better understanding of the interrelations between the botanical resource and the present and past forest use, and might also help to define some predictive models aimed at floristic biodiversity conservation and at leading the forest management plans.
On the basis of such premises, the research aim was to define the phytosociological placement of the plant communities of a little known submediterranean forest landscape and characterize them from a synecological viewpoint by direct quantitative measurements of some environmental parameters.
MATERIALS AND METHODS

Study area
The study area is located in the central part of Umbria (Central Italy) (coordinates 43°0' -42°44'N; 12°2´ -12°36'E), at altitudes ranging from 10 to 700 m a.s.l. and is characterized by three geomorphological units (Servizio Geologico d'Italia 1980):
• sandy-clayey low hills (maximum altitude 20-300 m), with low slope angles; • marly and marly-calcareous hills (maximum altitude 400-40 m), with intermediate slope angles; • marly-arenaceous high hills (maximum altitude 600-700 m), characterized by an alternation of sandstone and marly layers, which gives rise to different geo-pedological soil contexts, depending on the layers' outcropping and attitude (Catorci et al. 1994 , Giovagnotti et al. 2003 . According to Orsomando & Catorci (2000) the study area belongs to the lower Mesotemperate bioclimatic belt; only the tops of the highest hills (above 0-600 m) are located between the lower Mesotemperate and the upper Mesotemperate bioclimatic belt. The main features of the two bioclimatic belts are reported in Table 1 .
The plant landscape is characterized by evergreen sclerophyllous woods with a dominance of Quercus ilex subsp. ilex or by deciduous woods with a dominance of Quercus pubescens s.l., Quercus cerris or Quercus frainetto.
Data collection
In the period 200-2008, 62 phytosociological relevés were carried out using the Braun-Blanquet phytosociological method (Braun-Blanquet 1964 , Géhu & Rivas-Martínez 1981 , Biondi et al. 2004 . Furthermore, 18 relevés, taken from Catorci & Orsomando (1997 Orsomando ( , 1998 and Biondi et al. (2001) , were added.
The soil data collected in the phytosociological relevé sites, were obtained using a graduated pole for soil depth measurement, a pH-meter and an electromagnetic sieve for texture.
Data processing and statistical analysis
The phytosociological data set was submitted to multivariate analysis (Westhoff & van der Maarel 1978) . The phytosociological values were transformed according to Van der Maarel (1979) , obtaining a matrix made up of 177 rows (floristic units) × 80 columns (relevés), which was submitted to a numerical classification using the Complete link algorithm (Orloci 1978) , based on euclidean distance. For the syntaxonomical placement of the vegetation types, reference was made to European publications (Rivas-Martínez et al. 2001 , papers revising Italian vegetation (Biondi et al. 2003 , Blasi et al. 2004 ) and local phytosociological studies. The species nomenclature follows Conti et al. (200) and, in some cases, Pignatti (1982) and Tutin et al. (1964 Tutin et al. ( -1980 Tutin et al. ( , 1993 ; the life forms and the chorotypes follow Pignatti (1982, 200) .
For each syntaxon, frequency distributions of environmental variables (altitude, aspect, slope angle, morphology, soil pH, depth and sand percentage), expressed in quartiles and graphically represented using box-plots, were calculated to focus attention exclusively on the central values of the sample.
Canonical Correspondence Analysis (CCA) on two matrices, 80 relevés (classified into syntaxa by phytosociological analysis) × 133 spe-cies (average % cover values of Braun-Blanquet's scale) and 80 relevés × 7 environmental parameters (altitude, aspect, slope angle, morphology, soil pH, depth and sand percentage), was carried out in order to identify the variability in the floristic data set explained by the ecological factors taken into consideration and their relation with plant communities. For data elaboration, species whose frequency exceeds 3 % were selected.
Cluster analysis, CCA and descriptive statistical analyses were performed using SYN-TAX 2000 (Podani 2001 
RESULTS
Phytosociological analysis
The multivariate analysis of the 80 phytosociological relevés ( Figure 1) shows two main clusters, each of which represents a physiognomic-ecological type. I -Deciduous woodlands (Quercetalia pubescenti-petraeae) with a dominance of Quercus cerris (subcluster Ia) or Quercus frainetto (subcluster Ib). II -Evergreen sclerophyllous woodlands mixed with deciduous trees (Quercetalia ilicis) (subcluster IIa) and deciduous woodlands (Quercetalia pubescenti-petraeae) with a dominance of Quercus pubescens s.l. (subcluster IIb).
The above-mentioned subclusters are divided into groups which correspond to the syntaxonomical level of association, subassociation or variant.
Erico arboreae-Quercetum cerridis Arrigoni in Arrigoni, Mazzanti & Riccieri 1990 typicum (Group Ia Ia1 ; Table 2 , relevés 1-12; holotypus relevé 3 of Table 2 in Arrigoni, Mazzanti & Riccieri 1990 -corresponding to the typical subass.) lathyretosum veneti subass. nova (Group Ia Ia2 ; Table 2 , relevés 13-1; holotypus relevé 13 of Table 2) Woodland with a dominance of Quercus cerris, with rich evergreen sclerophyllous undergrowth, managed as coppice with standards. From a phytosociological point of view, these woods are characterized by the dominance of Querco-Fagetea class species and by a fair number of transgressive elements from Quercetea ilicis class. Erico arboreae-Quercetum cerridis association was described by Arrigoni et al. (1990) for Tuscany and then reported by other authors (Biondi et al. 199, Casini et al. 199, Arrigoni 1997 , Arrigoni & Bartolini 1997 , Arrigoni & Di Tommaso 1997 , Scoppola 1998 , Foggi et al. 2000 , Biondi et al. 2002b ) for many Italian districts.
The relevés 13-1 of Table 2 differ from the other ones by the presence of some mesophilous species which identify a new subassociation named Erico arboreae-Quercetum cerridis lathyretosum veneti, differentiated by Lathyrus venetus, Hieracium sylvaticum, Carpinus betulus, Melica uniflora and Rosa arvensis. This new subassociation is spread in concave drainage surfaces (impluvia). Scoppola & Filesi 1998 (Group Ia Ib ; Table 3 ; holotypus relevé of From a phytosociological point of view, these woods are characterized by the dominance of species belonging to Quercetalia pubescenti-petraeae order, with a fair number of elements of Fagetalia sylvaticae order, while the transgressive entities of Quercetea ilicis class are almost completely absent. Cephalanthero longifoliae-Quercetum cerridis was described by Scoppola & Filesi (1998) for Monte Rufeno and Selva di Meana, between Latium and Umbria and identified by Biondi et al. (2002b) in Terni Province (Monte Peglia, Dorsale Amerina, Selva di Meana) and Di Pietro et al. (2010) on Monte Urbano and Monte Madonna, in the Tolfa-Ceriti Mountains (Northern Latium). In Central Italy several syntaxa of semimesophilous Quercus cerris woods were described (e.g. Arrigoni et al. 1990 , Scoppola & Filesi 1998 , Catorci & Orsomando 2001 , Biondi et al. 2002b , Di Pietro et al. 2010 . In particular, Cephalanthero longifoliaeQuercetum cerridis and Melico uniflorae-Quercetum cerridis seem to be very similar from an ecologic and floristic viewpoint. Despite the presence in the relevés of the study area, as well as in those of Terni (Biondi et al. 2002b) and Monte Rufeno (Scoppola & Filesi 1998) , of the characteristic species of the Melico uniflorae-Quercetum cerridis, which grows on both Flysch and volcanic substratum, the presence of the Cephalanthero longifoliae-Quercetum cerridis characteristic species set -which is absent, by contrast in Melico unifloraeQuercetum cerridis (Table 4) -and the different geopedological features, lead us to place the relevés of Table 3 into such syntaxon. This is also consistent with the conclusions of Biondi et al. (2002b) about Western Umbria Quercus cerris woods.
Cephalanthero longifoliae-Quercetum cerridis
In the study area a Castanea sativa variant (relevés 6-11, Table 3 ) was identified. It represents the residual aspect of old cultivated fruitbearing chestnut groves, currently coppice managed, where an evolution process is going on towards the floristic-structural composition of Quercus cerris woods. From a phytosociological point of view, these woods are characterized by the dominance of Quercetalia pubescenti-petraeae order species, with a significant presence of transgressive elements from Quercetea ilicis class. Aceri obtusati-Quercetum cerridis association was described by Ubaldi & Speranza (1982) for the Northern Marches and reported by other authors (Catorci & Orsomando 2001 , Allegrezza 2003 , Taffetani et al. 2004 , Argenti et al. 2006 , Catorci et al. 2008 for Northern and Umbria-Marches Apennines (Central Italy).
Aceri obtusati-Quercetum cerridis
In comparison with the Aceri obtusati-Quercetum cerridis typicum, the relevés collected in the study area are characterized by a higher presence of transgressive species from Quercetea ilicis class. Ubaldi (1988) describes the Aceri obtusati-Quercetum cerridis aceretosum monspessulani subassociation which also shows a group of Mediterranean species, among which, however, Arbutus unedo is absent. Such floristic difference and the consideration that Aceri obtusati-Quercetum cerridis aceretosum monspessulani develops on a carbonatic substratum, therefore in a neutral-basic soil con-text, while the woodlands present in the study area develop on marly-arenaceous rocks, so in a subacid soil context, allows us to define a new subassociation called Aceri obtusati-Quercetum cerridis arbutetosum unedonis, which is differentiated by Arbutus unedo and Rosa sempervirens.
In the study area a mesophilous aspect with Carpinus betulus (relevés 16-17 of Table ) was also identified. It spreads on little alluvial terraces and small concave drainage surfaces (impluvia) and is characterized by the presence of a mesophilous group of species (Carpinus betulus, Pulmonaria apennina, Corylus avellana and Ulmus minor subsp. minor). Although this characterization highlights the existence of an ecological space for the definition of a new subassociation, we consider it is not appropriate to do so in this article, because of the low number of relevés. Thus, we insert this kind of forest community in a Carpinus betulus variant of Aceri obtusati-Quercetum cerridis. Table 6 ; holotypus relevé 4 of Table 2 in Biondi, Gigante, Pignattelli & Venanzoni 2001) Woodland with a dominance of Quercus frainetto with Quercus cerris, managed as high forest. From a phytosociological point of view, these woods are characterized by the presence of Querco-Fagetea class species and of transgressive elements from Quercetea ilicis class (Catorci & Orsomando 1998) . Malo florentinae-Quercetum frainetto association was described by Biondi et al. (2001) for Central Italy (Umbria). Biondi, Casavecchia & Gigante 2003 quercetosum cerridis subass. nova (Group IIa I ; Table 7 , relevés 1-9; holotypus relevé of Table 7 ) cyclaminetosum hederifolii Biondi, Casavecchia & Gigante 2003 (Group IIa  II ; Table 7 , relevés 10-19; holotypus relevé 2, Table 3 in Biondi, Casavecchia & Gigante 2003) Woodland with a dominance of Quercus ilex subsp. ilex, with Quercus pubescens s.l., Q. cerris and Fraxinus ornus subsp. ornus, managed as coppice with standards and, sporadically, as high forest.
Cyclamino hederifolii-Quercetum ilicis
From a phytosociological point of view, these woods are characterized by the dominance of Quercetalia ilicis order and Quercetea ilicis class species and for the presence of a large number of transgressive species from Querco-Fagetea class. Cyclamino hederifolii-Quercetum ilicis association was described by Biondi et al. (2003) , who report its presence in Liguria, Tuscany, Latium, Umbria, Marches, Apulia and Calabria, and also reported by other authors (Allegrezza et al. 2006 , Foggi et al. 2006 , Carranza et al. 2008 , Tardella et al. 2010 .
Two groups of Quercus ilex dominated woods were identified by cluster analysis. In comparison with Arbuto unedonis-Quercetum ilicis (Di Pietro et al. 2010) , growing on the trachytic volcanic substratum of the Ceriti Mountains (Northern Latium), the floristic composition of Cyclamino hederifolii-Quercetum ilicis quercetosum cerridis is characterized by a higher number of elements from Querco-Fagetea class, as shown in the synoptic table (Table 8) . Thus, this plant community may be considered as the subacidophilous ecological vicariant on arenaceous substrata, in the inner part of Central Italy, of the typical subassociation Cyclamino hederifolii-Quercetum ilicis cyclaminetosum hederifolii (Biondi et al. 2003) , with which it shares several mesophilous elements. These features highlight that probably there is the ecological space for the definition of a new association of holm-oak wood growing on sandstones in Central Italy. However, it is not appropriate to do so in this article. Cyclamino hederifolii-Quercetum ilicis quercetosum cerridis, in fact, might be raised to this category only by extending the phytosociological research to a wider geographic area.
The second group (IIa  II ) , by contrast, where the above mentioned acidophilous species are almost absent, can be attributed to Cyclamino hederifolii-Quercetum ilicis cyclaminetosum hederifolii. Biondi 1986 ericetosum multiflorae Catorci & Orsomando 1997 (Group IIb I ; Table 9 , relevés 1-6; holotypus relevé 2 of Table 2 in Catorci & Orsomando 1997) quercetosum pubescentis Allegrezza, Baldoni, Biondi, Taffetani & Zuccarello 2002  (Group IIb  II ; Table 9 , relevés 7-10; holotypus relevé 189 of Table 3 in Allegrezza et al. 2002,  corresponding to relevé 4 of Table 18 in Biondi 1986) Woodland with a dominance of Quercus pubescens s.l., often with Pinus halepensis, with undergrowth rich in evergreen sclerophyllous species, mainly managed as mixed coppice.
Roso sempervirentis-Quercetum pubescentis
From a phytosociological point of view, these woods are characterized by the dominance of species belonging to Quercetalia pubescenti-petraeae order and by the presence of a significant group of transgressive species from Quercetalia ilicis order. Roso sempervirentis-Quercetum pubescentis association was described by Biondi (1986) for the sub-coastal area of the Marches and reported by other authors for Central Italy, also with reference to the various subassociations described (Biondi et al. 1990 , 1992 , 2002b , Pirone 1992 , Casini et al. 199, Biondi & Allegrezza 1996 , Allegrezza et al. 1997 , Arrigoni & Bartolini 1997 , Arrigoni et al. 1997 , Catorci & Orsomando 1997 , Blasi & Di Pietro 1998 , Scoppola 1998 , Casini & De Dominicis 1999 , Foggi et al. 2000 , Taffetani 2000 , Catorci et al. 2008 ). In the study area the ericetosum multiflorae subassociation, described by Catorci & Orsomando (1997) , as well as the typical one, were identified.
Synecological description
The field data (altitude, geology, morphology, aspect, slope angle, soil depth, pH and sand %) are shown in Table 10 . The box-plot diagrams of the environmental factors are reported in Figure 2 . The synecological characteristics of syntaxa are briefly described below.
Erico arboreae-Quercetum cerridis typicum -Syntaxon spread on South-facing slopes (SE-WSW), on North-facing watersheds (from NNW to ENE), with light slope angle (interquartile range -10°) and on flattened tops of reliefes. It develops on loamy sand subacid soils (pH interquartile range 6.1-6.4), less deep than 0 cm.
Erico arboreae-Quercetum cerridis lathyretosum veneti -Subassociation differing from the typical one for developing in South-facing impluvia (concave drainage surfaces), on tendentially deeper soils. Cyclamino hederifolii-Quercetum ilicis quercetosum cerridis -Syntaxon spread on North-facing (WNW-E) or South-facing (SE-WSW), lightly to very steep watersheds (interquartile range 1-4°) and on relief tops. It develops on sandy clay loam acid soils (pH interquartile range .4-6.0), about 80-100 cm deep.
Roso sempervirentis-Quercetum pubescentis quercetosum pubescentis -Syntaxon spread on moderately to very steep South-facing (SSE-SW) slopes (interquartile range 2-38°), on silty loam subalkaline soils (pH interquartile range 7.9-8.2), about 90-110 cm deep.
Roso sempervirentis-Quercetum pubescentis ericetosum multiflorae -Syntaxon spread on moderately to very steep South-facing (SE-SSW) slopes (interquartile range 13-33°), on silty loam subalkaline soils (pH interquartile range 7.-7.7), about 90-100 cm deep.
Canonical Correspondence Analysis results (Table 11) highlight that axis 1, explaining 11. % of variance in the species data set, is positively correlated to soil sand % (0.71) and negatively to soil pH (-0.779). Axis 2, explaining 7.6 % of variance, is positively related to altitude (0.968) and negatively to soil depth (-0.698); axis 3, explaining the 4.2 % of variance, is linked to aspect (0.71). As shown in Figure 3 , CCA reveals the highest correlation between axis 1 and Cephalanthero longifoliae-Quercetum cerridis (positive), and with Roso sempervirentis-Quercetum pubescentis ericetosum multiflorae, Roso sempervirentis-Quercetum pubescentis quercetosum pubescentis and Cyclamino hederifolii-Quercetum ilicis cyclaminetosum hederifolii (negative). Axis 2 shows a negative relation particularly with Malo florentinae-Quercetum frainetto viburnetosum tini and Aceri obtusati-Quercetum cerridis Carpinus betulus variant and a positive relation mainly with Erico arboreae-Quercetum cerridis typicum.
DISCUSSION
The research results demonstrate that the forest syntaxa distribution is related, first of all, to the different pedological conditions, which, in turn, are determined by the kind of bedrock (Cremaschi & Rodolfi 1991) . Furthermore, within each geological group belonging to a bioclimatic belt, the combination of topographic factors is responsible for a further diversification of the forest landscape, also because aspect, morphology and slope angle have a feedback effect on pedological features, influencing some soil characteristics, such as soil depth (Pieruccini 2007 , Agnelli et al. 2008 .
Synecological analysis (Figure 2 , Table 10) highlights that each syntaxon presents a peculiar set of environmental attributes which supported the phytosociological interpretations. Canonical Correspondence Analysis ( Figure 3 , Table 11 ) indicated soil parameters (pH, texture, depth) and altitude, as the main driving forces of floristic differentiation in the study area. The combination of topographic factors (aspect, morphology and slope angle), acting at a lower hierarchical level, seems to determine the distribution of forest syntaxa within homogeneous geo-pedological and bioclimatic conditions. Table 12 presents schematically the hierarchical model of the considered combination of ecological factors which determine the diversity of the studied forest landscape. In particular, .
CONCLUSION
The characterization of pedologic and topographic parameters, related to the nine forest syntaxa pointed out by the research, proved to be useful to allow for a more certain phytosociological placement of the different clusters emerging from the multivariate analysis of the phytosociological relevés. Furthermore, the collection of the above mentioned parameters allows for the elaboration of predictive models concerning the distribution of the different vegetation series, permits an expost control of the phytosociological interpretations and the comparison of the existing forest vegetation with the expected one. The detection of deviations could move the research toward an understanding of the causes of such differences, for instance local geomorphological peculiarities, land use history (Decocq 2000) or presence of soils derived from ancient pedogenetic events (Catorci et al. 1993 ). Accidental species: rel. 8 -Sedum cepaea L., +; rel. 13 -Geranium sanguineum L., +; rel. 14 -Cruciata laevipes Opiz, +; rel. 16 -Inula salicina L., +; Pteridium aquilinum (L.) Kuhn, +. (2004); for number of months of aridity and cold stress calculation Mitrakos' indexes (1980 Mitrakos' indexes ( , 1982 were applied (from: Orsomando & Catorci 2000, modified Characteristic and differential species of the Melico unifloraeQuercetum cerridis association
Syntaxonomic scheme
Melica uniflora V V V IV II III
Brachypodium sylvaticum subsp. sylvaticum IV IV III II IV III Chatacteristic species of the Quercetalia pubescenti-petraeae order Relevé area (m 2 ) 300 300 300 100 100 100 400 100 Pres.
Cornus mas IV IV V V IV V
Oenanthe pimpinelloides IV IV III III III II
Festuca heterophylla IV III III V IV V
Quercus cerris V V V V V V
Sorbus domestica IV III II V V V
Sorbus torminalis II IV III V V IV
Viola alba subsp. dehnhardtii IV V IV IV V II
Crataegus monogyna IV IV III IV IV V
Euonymus europaeus IV IV IV II III I
Rubus ulmifolius II IV V . IV I
Clematis vitalba IV I III . III II
Freq.
Relevé number in Figure Table 10 : Ecological features of forest syntaxa (for altitude the whole ranges are indicated, while for slope angle, soil depth, pH and sand percentage the interquartile ranges are reported). Tabela 10: Ekološke značilnosti gozdnih sintaksonov (za nadmorsko višino so prikazani celotni razponi, za naklon, globino tal, pH in odstotek peska pa interkvartilni razpon). Table 11 : CCA axes summary statistics and intraset correlations for the environmental variables. 
